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Objective: African Americans have a much higher risk of major (above- or below-knee) lower extremity amputation and a
lower rate of limb-preserving vascular surgery or angioplasty than white patients. This article analyzes two potential
pathways for racial disparities: primary amputation, defined as a major amputation performed without any prior attempt
at revascularization, and repeat amputation, defined as a major amputation subsequent to a previous through-foot or
major amputation.
Methods: Randomly selected medical records were reviewed for 248 African American, 30 Hispanic, and 235 white or
other-race patients undergoing above- or below-knee amputation between 1995 and 2003 at three Chicago teaching
hospitals. Chronic disease prevalence and severity, preadmission functional status, clinical presentation, and vascular
history were used to test the risk-adjusted effect of race and ethnicity on rates of primary and repeat amputation.
Results: Controlling for demographic, functional, chronic disease, and clinical characteristics, African American patients
were 1.7 times more likely to have undergone both primary (P  .01) and repeat (P  .03) amputation than white or
other-race amputees. Race remained a significant independent risk factor even after controlling for the higher severity of
illness, greater disability, and more complex presentation of African American amputees.
Conclusions: Higher rates of primary and repeat amputation for African American patients at study hospitals, which all
have significant vascular surgery capacity and an aggressive policy of limb salvage, suggest that these rates may be even
higher at less well equipped institutions. Improving access to primary and preventive care for lower-income patients could
reduce amputation rates among African Americans. ( J Vasc Surg 2005;41:823-9.)Population-based studies have consistently found that
African Americans, as compared with non-Hispanic whites,
have more than twice the likelihood of undergoing a major
(above- or below-knee) lower extremity amputation.1 Af-
rican American patients hospitalized for complications of
peripheral arterial disease (PAD) also have significantly
lower rates of potentially limb-saving lower extremity by-
pass surgery or angioplasty.1-8 Racial disparities in PAD
thus mirror findings on racial differences in coronary artery
disease treatment.9-12
Because racial and ethnic disparities in amputation rates
may be associated with less than optimal medical care
quality, hospitals have increasingly become interested in
evaluating their own performance in this area. This study
builds on previously published pilot data indicating racial
differences in readmission rates, but not primary amputa-
tion rates, at a single study hospital.13 This study was
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doi:10.1016/j.jvs.2005.01.040designed to have significant additional power to detect
racial differences at three urban Chicago teaching hospitals,
controlling for key patient clinical characteristics. Hospital
medical record review data, including the severity of foot or
leg presentation, chronic disease prevalence, and preoper-
ative functional status, are presented for 513 Chicago-area
patients undergoing major amputations between 1995 and
2003.
The study addresses two potential pathways for racial
disparities: primary and repeat amputation. First, it was of
interest whether the admission reviewed was for a primary
amputation, defined as a major amputation performed
without any previous attempt at vascular surgery or angio-
plasty, at any time in the patient’s history. Although long-
term functional outcomes related to primary amputation
for patients with critical leg ischemia remain controver-
sial,14-16 a primary amputation nevertheless raises questions
about the timeliness and quality of antecedent primary or
specialty care. Our central question was whether the rate of
primary amputation, as compared with amputation secondary
to a previous revascularization procedure, was higher among
African American amputees as compared with other-race am-
putees discharged from the same hospitals.
The second study aim was to determine whether there
were racial differences in the rate of repeat amputation.
Medical record review—based estimates indicate that from
20% to almost 50% of all major amputations are performed
for patients who have already undergone a prior major or
through-foot ipsilateral or contralateral amputation.17-20
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tions, vascular disease progression, and permanent disabil-
ity.15,18 The frequency of repeat amputation for the same
patient may be a significant but currently unknown factor
that skews data on racial differences in amputation rates
calculated from deidentified hospital data.
METHODS
Patient sample. The study was based on a racially
stratified, random sample of medical records of patients
aged 35 years or older who were undergoing a major
amputation (excluding traumatic or cancer-related opera-
tions) at one of three large Chicago teaching hospitals.
Institutional review board approval for the study was ob-
tained at each institution. Two institutions are private
hospitals affiliated with medical schools, and the third is a
public hospital, also affiliated with one of the medical
schools. All institutions treated a significant number of
African American patients, ranging from 70% to 50% to
30% African American amputees across the three hospitals.
The African American population served by all three insti-
tutions is largely drawn from very-low-income, highly seg-
regated South and West side Chicago communities. How-
ever, whereas the white and other-race population of the
public County hospital is largely low income, the two
private hospitals serve a large population ofmiddle class and
affluent suburban white and other-race patients. During
the study period, the overall ratio of major amputations to
lower extremity angioplasty and aortoiliac or femoropopli-
teal bypass (accounting for more than 2700 vascular sur-
gery admissions) was 0.26 across the three institutions and
ranged from 0.22 for white or other-race patients to 0.34
for African American patients. During the 1990s, the three
study hospitals accounted for approximately 9% of all lower
extremity bypass admissions and 8% of all major amputa-
tions performed for the more than 7.7 million residents of
nine county northern Illinois.4
Electronic medical record abstracts were initially se-
lected for each amputees’ chronologically first (index) ma-
jor amputation at each institution. Because electronic data
were available for different time periods at different hospi-
tals, the initial pool of eligible patients with International
Classification of Diseases (9th revision) procedure codes of
84.15 (below-knee amputation) or 84.17 (above-knee am-
putation) included 316 patients at hospital A, admitted
between 1995 and 2003; 281 patients from hospital B,
admitted between 1996 and 2002; and 127 patients from
hospital C, admitted between 1999 and 2002. This initial
screen thus yielded a total of 724 unique patients with an
index major amputation between 1995 and 2003. Hospital
electronic race identifiers indicated that 8% of patients were
Hispanic, 42% were African American, 38% were white, and
12% were “other race” or “unknown.”
A stratified random-sampling strategy was adopted to
produce a racially balanced review sample of approximately
250 African American and 250white or other-race patients.
To achieve this goal, records for just more than 80% of all
African American patients identified at registration and 60%of all other patients in the registry were randomly selected
and abstracted. It was expected that Hispanic patients
would be a relatively small proportion at each hospital, so
these patients were included in the target for white or other
race and were subsequently analyzed as a separate sub-
group. Miscoded or noneligible records were deleted and
replaced. Although hospital registration race was initially
used to pull records, in only six cases was registration race
used to subsequently establish patient racial or ethnic iden-
tifiers not clearly documented by medical record review.
Medical record review. Medical records were re-
viewed with a common abstraction form by a team of five
physicians (including two general surgery residents, a geri-
atrics fellow, a vascular surgery fellow, and an internist), a
research nurse, and two summer research/medical student
interns. All reviewers were trained by and worked closely
with the study investigators, who concurrently monitored
the sample accuracy of medical record–derived race desig-
nations and verified vascular or diabetic etiology. Investi-
gators retrospectively monitored the reliability of other key
data, such as the vascular history documentation used to
designate patients as undergoing primary or repeat ampu-
tation, and found very high (95%) agreement among
themselves and the reviewer team for these elements.
Comorbid conditions and functional status.
Chronic disease and preadmission functional status were
abstracted by using definitions established by the Veterans
Affairs National Surgical Quality Improvement Program.21
Hypertension and diabetes mellitus were defined in relation
to medication use. A history of diabetic sequelae (retinop-
athy, blindness, peripheral neuropathy, and renal insuffi-
ciency), end-stage renal disease or dialysis, liver disease,
cerebrovascular disease, severe chronic obstructive pulmo-
nary disease (COPD), heart failure, and symptomatic cor-
onary heart disease were also documented. Chronic condi-
tions were alternatively entered in regression models as
separate dummy variables or as a single sum (0-9) of all
conditions found. Results were virtually identical, so a
simple count of chronic conditions was used in the regres-
sionmodels presented below. Per National Surgical Quality
Improvement Program definitions, preadmission func-
tional status was characterized as independent, partially
dependent, or totally dependent. Tobacco, alcohol, and
drug use were inconsistently and unreliably documented
and thus were not used in this analysis, although rates of
COPD may partially reflect smoking history.
Other demographic and clinical characteristics. In
addition to patient age, sex, race and ethnicity, and level of
amputation (above or below knee), reviewers noted key
lower extremity symptoms. The presence of rest pain only
or gangrene, ulceration, or infection (including osteomy-
elitis, abscess, fasciitis, or cellulitis) was noted, as well as
whether the patient was already taking antibiotics at the
time of admission. Reviewers also noted whether the pa-
tient had experienced foot trauma or accidental injury and
whether an angiogram had been performed before ampu-
tation. Finally, reviewers noted whether patients had doc-
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guideline for primary amputation.22
Statistical analysis. The significance of bivariate com-
parisons between African American and other race and
ethnicity patients was determined by t tests for continuous
variables and 2 tests for categorical variables. The study
was designed to achieve90% power to detect a difference
in repeat amputation rates of 35% for African Americans as
compared with 20% for all other patients or, equivalently,
between a 75% rate of primary amputation for African
American patients and a 50% rate for all other patients, with
P  .05 in a two-sided test. Although other ethnic and
racial groups were too small to profile separately from
whites, Hispanic ethnicity was included as a separate indi-
cator variable.
Two separate multiple logistic regression models were
estimated for primary and repeat amputation outcomes.
Both models tested the independent significance of African
American vs other race or ethnicity, controlled for patients’
level of amputation and demographic and clinical charac-
teristics on admission. The model of repeat amputation
Table I. Characteristics of 513 amputees by race and ethn
Variable
African Am
(n  2
Total study sample 48.3
Mean age (y) 65.8
Female 52.4
Above-knee amputation 35.1
Below-knee amputation 64.9
Functionally independent * 50.4
Functionally partial dependent* 26.2
Functionally totally dependent* 15.3
Antibiotics on admission 54.0
Infection* 64.5
Osteomyelitis 19.0
Abscess 4.4
Fasciitis* 2.8
Cellulitis 20.2
Gangrene* 64.1
Ulceration 49.6
Rest pain only* 6.9
Foot trauma as etiology* 9.7
Angiogram in the chart 25.0
Diabetes 68.6
Insulin 35.5
Oral medication 33.1
Diabetic complications† 29.8
Hypertension * 83.1
End-stage renal disease or dialysis 25.4
Coronary artery disease 20.6
Congestive heart failure 8.1
Stroke* 18.5
Liver disease 2.4
Severe COPD* 2.4
Mean No. chronic conditions 2.5
Documented terminal illness/limited
life expectancy
16.1
COPD, Chronic obstructive pulmonary disease.
*P  .05 in a 3  2 2 test or t test with white/other race.
†Peripheral neuropathy, renal insufficiency, retinopathy, or blindness.estimates the likelihood that the patient had a previousthrough-foot or major amputation. The model of primary
amputation estimates the likelihood that patients did not
have any prior lower extremity revascularization procedure.
Covariates were identical in both models and control for
potential differences in the severity of illness and amputa-
tion risk factors at the time of admission.
RESULTS
A total of 513 medical records were reviewed (71% of
all patients identified as undergoing major amputations at
the study hospitals). These reviews included 248 (48.3%)
African American, 222 (43.3%) white, 30 (5.8%) Hispanic,
and 13 (2.5%) other-race patients (Table I). Table I indi-
cates that African American amputees were clearly more
severely ill at the time of admission and had a greater
burden of clinical risk factors. They were less likely to be
functionally independent before admission, were more
likely to present with gangrene and infection, and were less
likely to undergo amputation for rest pain only (which may
reflect a greater burden of neuropathy and the fact that rest
pain only was most common in amputations performed for
an Hispanic
(n  30)
White or other race
(n  235)
5.8% 45.8%
63.09 65.36
43.3% 41.7%
23.3% 30.6%
76.7% 69.4%
76.7% 46.4%
20.0% 35.3%
0.0% 7.7%
63.3% 51.1%
56.7% 51.5%
16.7% 23.4%
6.7% 3.0%
10.0% 0.9%
16.7% 18.3%
56.7% 46.4%
50.4% 47.7%
3.3% 16.2%
23.3% 6.8%
33.3% 24.3%
73.3% 61.7%
30.0% 27.2%
43.3% 34.5%
33.3% 37.0%
63.3% 71.1%
26.7% 21.7%
20.0% 26.0%
3.3% 7.2%
6.7% 8.9%
0.0% 3.8%
6.7% 8.5%
2.33 2.46
6.7% 10.2%icity
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%graft failure). Reflecting known population-based differ-
JOURNAL OF VASCULAR SURGERY
May 2005826 Feinglass et alences, African American patients had a higher prevalence of
hypertension and insulin-dependent diabetes and were
more likely to present with a history of stroke or severe
COPD. Hispanic patients had a much higher incidence of
foot trauma etiology.
Primary and repeat amputation rates. More than
58% of all admissions (n  299) were classified as primary
amputations for patients with no history of lower extremity
vascular surgery or endovascular procedures. The other
214 patients undergoing secondary amputation had a total
of 333 previous lower extremity bypass procedures and 63
previous angioplasties, including 31 patients with 3 or
more prior bypass operations. Among previously revascu-
larized amputees, 69% of those with a previous left-side
revascularization underwent an ipsilateral amputation, and
75% of those with a previous right-side revascularization
underwent an ipsilateral amputation. Repeat amputations
were documented for 96 patients (18.7%), who, at the time
of their index admission, had already undergone 18 previ-
ous above-knee, 56 previous below-knee, and 30 previous
through-foot operations.
As indicated in Fig 1, as compared with white and
other-race patients, African American and Hispanic pa-
tients were much more likely to undergo primary amputa-
tion (with 64.1% for Hispanics and 76.7% for African
Americans as compared to 49.8% for whites; P  .001).
However, differences in repeat amputation rates were not
statistically significant (21.8% African American, 13.3%
Hispanic, and 16.2% white; P  .21) at the bivariate level.
Racial differences were consistent for patients with and
without diabetes. Primary amputation rates were 65.9% for
African American patients with diabetes and 60.3% for
nondiabetics, as compared with 53.1% of white or other-
race patients with diabetes and 44.4% without. Repeat
amputation rates were 25.3% for African American patients
with diabetes and 14.1% for nondiabetics, as compared
with rates of 20.0% and 10.0% amongwhites and other-race
Racial and ethnic differences in primary and repeat major amputa-
tions among 513 patients discharged from 3 Chicago teaching
hospitals from 1995 to 2003.patients, respectively.Table II presents odds ratios (ORs) derived from mul-
tiple logistic regression results testing the effect of patient
race and ethnicity on the likelihood of primary or repeat
amputation, controlling for the independent effects of co-
morbid illnesses, preadmission functional status, and clini-
cal presentation at the time of admission. After controlling
for these potential risk factors, African American amputees
were 1.7 times as likely to undergo a primary amputation as
non-Hispanic, white, or other-race patients (P .01). The
30 Hispanic amputees were 3.5 times as likely (P .01) to
have had a primary amputation as white or other-race
patients. Other significant risk factors for primary amputa-
tion included totally dependent preadmission functional
status (OR, 2.34; P  .02), foot trauma etiology (OR,
3.17; P  .007), and infection (OR, 1.94; P  .003), and
documented terminal illness was an almost-significant fac-
tor (OR, 1.85; P  .07).
Significant protective factors for primary amputation
(ie, risk factors for secondary amputation after revascular-
ization) included having rest pain only (OR, 0.28; P 
.002) or having preamputation angiography (OR, 0.36;
P .001). Angiography notes were found in only 16.7% of
primary amputees’ charts, as compared with 36.9% of those
undergoing amputation after a previous revascularization.
The presence of gangrene (controlled for the presence of
infection) was actually protective against primary vs second-
ary amputation (OR, 0.53; P  .008) despite being non-
significant in bivariate comparisons (53.8% of primary am-
putees vs 57.9% of secondary amputees had gangrene).
Primary amputees were slightly younger, but age differences
did not quite reach significance (P .06), nor did the protec-
tive effect of antibiotics on admission (OR, 0.68; P .07).
Table II shows an equivalent racial disparity for repeat
amputation: African Americans, again, were 1.7 times more
likely than white/other-race patients to have a prior
through-foot or major amputation (P  .03). Other pre-
dictors of repeat vs incident amputation included partial
functional dependence before admission (OR, 3.21; P 
.001) and antibiotic use at admission (OR, 1.65; P .05),
whereas the number of chronic conditions was an almost-
significant risk factor (P  .09). Protective factors (ie,
variables predicting an incident major amputation) again
included gangrene (OR, 0.58; P  .04) after controlling
for infection in the multivariate model, despite the lack of
significant bivariate difference (55.9% of initial amputees vs
54.2% of repeat amputees who presented with gangrene).
Rest pain only at admission was nonsignificantly predictive of
a lower likelihood of repeat amputation (OR, 0.35; P .09).
DISCUSSION
These findings confirm that African American patients
were more likely to undergo both primary and repeat major
amputations, even at centers with high levels of vascular
surgery capacity. The findings complement many previous
national and regional studies that have found higher overall
amputation rates among African Americans. Of particular
interest in this study was the finding that higher rates of
primary and repeat amputation among African American
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disability, more complex presentation, or a higher preva-
lence of insulin-dependent diabetes, COPD, hypertension,
stroke, or documented terminal illness. If these severity-of-
illness factors do not explain racial disparities in primary or
repeat amputation, what does?
Because a higher proportion of African American and
especially Hispanic amputees have diabetes,23 it is plausible
that some of the disparity in amputation rates might be a
function of known racial and ethnic differences in insulin-
dependent diabetes prevalence, which are indeed visible in
these data. However, when survey data are used to estimate
the population prevalence of diabetes and when per-capita
rates are computed accordingly, equally large racial dispar-
ities in amputation rates are found among diabetic ampu-
tees.17 Coded hospital administrative data indicate that
African Americans without diabetes have even greater racial
and ethnic differences in amputation rates (and level of
amputation) than those among patients with diabetes.4-7
The findings presented here—that both diabetic and non-
diabetic African American amputees had approximately
equally increased risks for primary and repeat amputation—
support the conclusion that diabetes prevalence does not in
itself drive racial differences.
The social epidemiology of PAD. There was no evi-
dence in this study to indicate that the racial differences in
primary amputation were related to differential decision
making about which candidates were appropriate for a
revascularization procedure; rather, it is likely that the
higher rate of primary amputation among African Ameri-
cans was related to the greater prevalence of hemodynam-
ically severe disease. There seems to be more rapid devel-
opment of subclinical PAD among African Americans.24-26
Among patients with an abnormal ankle-brachial index,
Table II. Logistic regression analyses of primary and repe
Variable
Primary am
OR (95% CI
Age 0.98 (0.97-1.0
Female 1.21 (0.81-1.8
African American 1.69 (1.11-2.5
Hispanic 3.52 (1.35-9.0
Above-knee amputation 1.17 (0.74-1.8
Functionally independent Reference
Functionally partial dependent 0.91 (0.57-1.4
Functionally totally dependent 2.34 (1.12-4.9
Foot trauma etiology 3.17 (1.38-7.3
Angiogram results in chart 0.36 (0.22-0.5
Antibiotics on admission 0.68 (0.44-1.0
Infection* 1.94 (1.24-3.0
Gangrene 0.53 (0.34-0.8
Ulceration 1.01 (0.66-1.5
Rest pain only 0.28 (0.12-0.6
Number of chronic conditions 1.02 (0.88-1.1
Terminal illness/limited life expectancy 1.85 (0.96-3.6
OR, Odds ratio; CI, confidence interval.
*Includes osteomyelitis, abscess, cellulitis, or fasciitis.there may be a higher prevalence of PAD-related leg symp-toms among African Americans,27 and higher rates of un-
controlled or difficult-to-manage diabetes are com-
mon.28-31 Studies of patients hospitalized for lower
extremity ischemia find poorer distal runoff scores on an-
giography for African American patients and worse out-
comes (including higher operative mortality) among both
African American and Hispanic patients.32-34
To answer the question of what underlies these racial
differences in disease progression, it is important to note
that there is virtually no evidence that racial and ethnic
disparities in health outcomes are driven by genetic fac-
tors.35 Well-known socioeconomic differences in cardio-
vascular disease incidence, complications, and mortality are
closely associated with racial disparities.36 However,
midlife clinical or behavioral risk factors (smoking, obesity,
and physical inactivity) only partially explain the higher
prevalence of complications of cardiovascular disease and
diabetes among lower-income, less well educated minority
populations. Sociodemographic factors (occupation, income,
wealth, education, race, and ethnicity) have additional inde-
pendent effects on (are markers for unmeasured biologic
pathways for) cardiovascular disease progression and all-cause
mortality.37-41 Racially specific risk factors, such as living in
hypersegregated, high-stress, high-poverty, socially isolated
neighborhoods, may also underlie specific patterns of racial
disparities in cardiovascular disease and overall health.42 In
this context, it is of interest that large regional differences in
amputation rates for the Medicare population seem to
correlate with socioeconomic status and racial characteris-
tics at the population level.43 Higher African American
amputation rates are even found among socially homoge-
neous male veterans treated at Department of Veterans
Affairs hospitals.44
Limitations. Less than one third of study patients
putation (n  513 amputees)
ion (n  299) Repeat amputation (n  96)
P value OR (95% CI) P value
.06 0.99 (0.97-1.01) .22
.35 1.21 (0.74-1.96) .45
.01 1.73 (1.04-2.87) .03
.01 0.97 (0.29-3.15) .96
.50 0.99 (0.56-1.65) .98
Reference
.68 3.21 (1.87-5.50) .001
.02 1.92 (0.88-4.62) .12
.007 0.43 (0.14-1.29) .13
.001 0.81 (0.45-1.46) .48
.07 1.65 (1.00-2.72) .05
.003 0.96 (0.56-1.64) .96
.008 0.58 (0.35-0.97) .04
.94 1.25 (0.76-2.05) .38
.002 0.35 (0.11-1.16) .09
.77 1.16 (0.98-1.37) .09
.07 0.78 (0.38-1.60) .51at am
putat
)
0)
4)
6)
8)
3)
2)
9)
1)
7)
3)
1)
5)
5)
1)
7)
0)had a documented ankle-brachial index or angiography
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differences in the hemodynamic severity or extent of leg
ischemia at admission. Another important limitation of
this study is the fact that the patient sample reflects
treatment at three unique referral centers that serve a
broad geographic area of Chicago. It is unknown
whether the findings presented here reflect other institu-
tions, even in the Chicago area (which has many dozens
of hospitals cumulatively performing more than 4000
vascular surgery and amputation procedures for northern
Illinois residents annually).4 It was beyond the scope of
this already-complex study, which relies on limited med-
ical records–based evidence, to include measures of
medical practice style or referral patterns or to determine
whether there were racial differences in the process of
care at the study hospitals. The study was undertaken as
a modest exploratory hypothesis-generating effort, and it
is certainly possible that the findings may reflect only the
patient characteristics and referral patterns of these par-
ticular study hospitals. However, the higher rates of
primary and repeat amputation found for African Amer-
ican patients at these well-equipped teaching institu-
tions, which have explicitly committed themselves to
addressing racial and ethnic health disparities, indicate
that such disparities could be even more problematic in
less well equipped community settings that often serve
lower-income and minority patients. In particular, the
high primary amputation rate among Hispanic patients,
who are the ethnic group most likely to lack insurance
and access to a regular source of care, merits concern
despite their small sample size in this study.
Primary and repeat amputation as possible markers
for quality of care. This study does not directly address
quality of care or outcomes for the amputees studied, but
it can be inferred that a differential lack of access to both
primary and preventive care, such as smoking cessation,
as well as more specialized diabetic foot care and vascular
surgery services, may increase amputation rates among
lower-income, less well insured patients.31 Even among
the elderly with Medicare coverage and theoretically
equal access to care, racial bias, differences in prefer-
ences, and, probably most importantly, gaps in health
communication (often related to low patient health lit-
eracy and lack of culturally competent care), can signifi-
cantly affect medical and surgical treatment.8,45,46 The
perception that many amputations among minority pa-
tients are potentially preventable is reinforced by a study
that showed no racial disparity in diabetic amputation
rates among insured patients enrolled for a long period
in a staff model health maintenance organization.47
Larger prospective studies that include all aspects of
health care for patients with earlier-stage PAD are
needed to determine what can be done to improve the
quality of care and secondary prevention of amputation
among African Americans and other high-risk popula-
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